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ABSTRACT

Transportation is the nation's largest single energy
user and accounts for approximately 50% of our current pe-
troleum consumption. This fact not only defines the ur-
gency of the problem, it also delineates the magnitude of
the infrastructure already in place and the built-in iner-
tia of the system. Major changes in our modes of transpor-
tation will not take place instantly, as we might wish, but
will certainly require years and, perhaps, decades of
steady evolution and technological development,

Fuel cells are 2 promising alternate power source for
transportation applications for a number of reasons., Mod-
eling studies have indicated the potential for providing
highway vehicles with performance and range comparable to
those provided by internal combustion engines. Fuel cells
are efficient and therefore reduce energy consumption.
They are nonpolluting in terms of both air and noise pol-
lution - highly desirable features for urban applications.
In addition, they can operate on nonpetroleum :uels such as
hydrogen or hydrogen in combined form, for ex e, meth-
anol or ammonia, thereby reducing the nation's petroleum
dependency.

The {nvestigatiun nf the application of fuel cells to
the highway transportation described began in 1977. Re-
cently, the scope was broadened to include a determinaticn
of the feasibility of using fuel cells in nonhighway trans-
portation, i.e,, rail and marine.



APPLICATION OF FUEL CEI.LS TO
HIGHWAY AND NONHIGHWAY TRANSPORTATION

INTRODUCTION

During the past decade, the advent of the erergy
"crisis™ and the growth of ecological concerns have pre-
sented both a major challenge and an opportunity for tech-
nologists and engineers. This is particularly true in the
United States because of the worldwide impact of our energy
policy (5% of the world's population using more that 35% of
the world's enerqy). Within this framework, the develop-
ment of more energy efficient modes of transportation
éssumes a particularly critical role in future energy sce-
narios. Transportation is the largest single energy user
and accounts for approximately 50% of our current petroleum
consumption. Of this total, over one-half is used in pas-
senger autcimobiles and approximately one-quarter is attrib-
utable to trucks and buses. The remainder is consumed in
nonhighway transportation applications.

As a result of the significant progress being made in
fuel cell techrology in DOE, EPRI, GRI, and DoD programs,
fuel cells are being considered as a promising alternate
power source for transportation applications for a number
of reasons (1,2,5,7.9-15). Modeling studies have indicated
the potential for providing highway vehicles with perform-
ance and range comparable to those powered by internal com-
kustion ergines. Fuel cells have a high efficiency at all
power ratings, only veginning to show reduced efficiency at
about 20 kk. In addition, they have a high efficiency at
part load over a range from 208 to 100% of rated output.
Fuel cells can operate on nonpetroleum fuels such as hydro-
gen or those containing hydrogen in a combined form, for
example, methanol or ammonia. Methanol was the fuel of
choice for the highway transportation epplications because
it offered a low temperature of fuel precessing, which led
to both the smallest fuel processing package and better
thermal integration of the overall system. Fuel cells are
nonpolluting in terms of both air and noise pollution -
highly desirable features for urban applications.

The foregoing were all derfived from stationary power
plant data. The Airmy power plant program should provice
information on the possibility of low maintenance in mobile
applications and also, via shock and vibration tests, give
some indications about safety aspects.

HIGHWZILY TRANSPORTATION

In the DOE highway vehicle transportation program,
four fuel cell technologiecs are being congcidered) these are
phosphoric acid electrolyte, eolid polymer -lectrolyte,
super acid electrolyte, and alkaline electrclyte.



Two tools have been developed to aid in evalunating
fuel cells in transportation applications. The first was a
fuel-cell-powered golf cart that is used to understand sys-
tem component interfaces. The second was a fuel cell/
battcry vehicle sim~ *ion program developed to perform
vehicle analygis. .. uetailed analysis of component opera-
tion and interaction, in terms of voltage, current, fuel
consumption, torque, and angular velocity as a function of
time, is used to calculate the vehicle's performance ancd
fuel consuompticn for each drive cycle specified. 1In the
analysis, design tradeoffs can be made on the frel cell
power system to improve vehicle performance or to ieduce
the size and cost of the fuel cell.

Two vehicles, the consumer vehkicle and the city bus,
have bee subjected to in-depth analysis. In each case, a
target fuel cell and an advanced fuel cell were used. The
target fuel cell was characterized by a 15-minute start- up
requiring 260 pounds of batteries, weights of 2.4 1b/ft? of
electrodf and 7.4 1lb/kW for the reformer and auxiliaries;
300 W/ftc maximum power density; and methanol-water premix
fuel. The advanced fuel cell assumed ambient temperature
operation capability thereby eliminating the start-up bat-
tery requirement; increased cell voltage and reduced inter-
nal impedance; the same weights as the target system; and
800 W/ft? maximum power density.

Consumer Vehigle

The consumer vehicle analysis is based on the body and
chassis of the Gencral Motors X car. The drive train re-
tained the 4-speed manual transmission, but the final drive
ratio was changed to meet design requirements. The target
fuel cell system for the consumer car is described in Table
l. Performance of the car with low and high power density
fuel cells is shown in Table 2. By comparison, the normal
X car has a curb weight of 290C 1lb (500 lbs for passengers)
and EPA estimated mileaqes (non-California, 1981) of 22 mpg
on the urban driving schedule (UDS) &nd 35 mpg on the high-
way driving schedule (EDS). 1It is interesting to notec that
the miles per gallon of methanol is almost the same for the
UDS and HDS. Thie is a “unction of the part load efficien~
cy of the fuel cell. The advanced fuel cell system for the
car and performance are given in Tables 3 and 4, respec-
tively. The UDS ranges for both the target and advanced
cages are for 20 gallons of methanol.

City Bug

The city bus has sor2 significant advantages for an
early vehicular application of fuel cells. These include
centralized maintenance; centralized refueling) larger vol-
ume to work withy and million-mile life, which, when cou-
pled with life cycle costing and maintenance considera-
tions, becomes an important cost item. 1In addition, noise
and pollution become ove: vhelming criteria when major cit-

les become invoived. Target and advanced fuel cell systems



for the city bus are itemized in Table 5. Calculated per-
formance data for the two systems are given in %Tables 6 and
7, respectively.

NONHIGHWAY TRANSPORTATION

Nonhighway transportation concepts have included ma-
rine, aircraft, rail, and pipeline prime movers (3,4,6,8).
Aircraft and pipeline uses do not appear to be feasible.
The marine anu rail power plants are in the megawatt range,
which is more akin to utility sizes than those used for the
highway vehicles.

Initial efforts have begun at Los Alamos toward iden-
tifying the characteristics of heavy duvty freight locomo-
tives, push-tow boats, and fuel cell systems in order to
determine whether or not fuel cell power plantes are feasi-
ble for use in heavy duty rail and inland waterway marine
transportation. Modifications to the existing fuel cell
vehicle simulation code have begun so the analysis on
trains and push-tow boats can be accommodated.

It has been established that the current freight loco-
motive desicgn power is 3000 hp (2237 kW). The most recent
power plant designs are in the 3500 to 3600 hp range (2610
to 2685 kW), but there is no trend to higher horsepower
models as was forecast 10 years ago. Power plant specific
weights are in the range of 22 1lb/KW for the diesel engine,
alternator, and cooling equipment; and there is on the or-
der of 1 ft3/kW of space available in typical locomotives
for the power plant. Various fuel cell power plant capa-
bilities are presently being matched to these parameters.
Tne initial prognosis is that future fuel cell power plants
will be within the size and weight constraints for diecel
electric locomotives.

Marine Applications

There is8 a mucn wider power range in use for push-tow
boat diesel power plants (1000 to 6000 hp). However, the
trend is toward the 6000-hp boat as the mainstay of heavy
duty inlend waterway transportation. These boats will use
twin 3000-hp locomotive diesels. Thus, the 3000-hp (2237

k¥) power plant is an apnropriate steandard for the fuel
cell investigation.

Two interesting concepts for marine use cf fuel cells
involve submarines (4,8). In the first, fuel cells have
been suggested as a possible power plant rfor a submarine MX
missile base. 'The idea is that the fnel cell could reduce
detectability and, hence, vulnerability. %he tecond pro-
poses the use of fuel-cell-powered submarine tankers for
use whera surface commercial shipping is energy expersive.
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Table 1. Target Fuel Cell System for Consumer Car

Nominal 20 kW, 96 V

Low Powver High Power

—Density _Repsity
Operating Point (V/Cell) 0.6 0.5
Power Density (W/ftz) 90 219
Peak Power (kW) 66 27
Efficiency at 20 kW* (%) 42 35
Total Electrode (ft?) 222 91
Weight (1b) 680 366

*Based on high heating valne

Tablec 2. Peifurmance of Consivaer Car With Target Fuel Cell

Low Power High Power
—Rensity —  _Rensify
weight® (1b) 3756 3442
Top Speed (mph) 67.8 66.7
0-50 mph Time (sec) 15.8 17.7
Mpg of Mr.-thanol2
UDS 21.5 17.8
HDS 21.9 19,3
UDS Range (miles) 430 356

lcurb Weight + 3C0 1b

2Multiply by 2 to get gasoline equivalent



Table 3. Advanced Fuel Cell System for Consumer Car

Nominal 20 kW, 96 V

Operating Point (V/Cell) 0.74
Power Density (W/ftz) 22
Peak Power (kW) 72
Efficiency at 20 kW (%) 52
Total Electrode Area (ft2) 91
Weight (1b) 366

Table 4. Performance of Consumer Car With Advanced

Fuel Cell

weight® (1b) 3168
Top Speed (mph) 67.4
0-50 mph Time (sec) 14.1
Mng of Methanol2

uDS 30.6

HDE 32.8
UDS Range (miles) 612

lourb, weight + 300 1b
2Mult.iply by 2 to get gasoline equivalent



Table 5. Fuel Cell Systems for a City Bus

Nominal 120 kW, 576 V
Six 20-kW modules in series

Target = = Advanced
Operating Point (V/Cell) 0.6 0.74
Power Density (W/ftz) 90 222
Peak Power (kW) 396 432
Efficiency at 120 kW (%) 42 52
Total Electrode Area (ftz) 1333 540
Weight (1b) 4087 2184

Table 6. Performance of 40-ft City Bus With Target

Fuel Cell
Weight with 48 Passengers (1lb) 33,667
Hotel Loac (kW) 15

Methanol Consumptionl (mpg)
Centrai: Bus’ness District

Arterial
Commuter 3.0
Composite 2.2

Meets DOT top speed, acceleration, gradeability, and
weight requirements (6/80)

lMultiply by 2.17 to get diesel equivalent



Table 7. Performance of 40-ft City Bus With Advanced

Fuel Cell
Weight with 48 Passengers (1lb) 31,764
Hotel Load (kW) 15

Methanol Consumption1 (mpg)
Central Business District

Arterial
Commuter 3.8
Composite 2.8

Meets DOT top speed, acceleration, gradeability, and
weight requirements (6/80)

1Multiply by 2.17 to get diesel equivalent
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